The taxonomy of Premnobiini is reviewed in the context of a molecular phylogeny including species of Ipini, Dryocoeotini, and Xyleborini. DNA data from COI, 16S, 28S, and CAD (∼2640 characters) were generated for 79 species. Parsimony and Bayesian methods, using multiple sequence alignment methods and partitioning regimes, were used to reconstruct the phylogeny. The resulting topologies are generally congruent. Ipini is monophyletic along with all genera except Acathotomicus. Premnobiini is nested within Ipini and consists of two clades, which associate with the type species of Premnobius and Premnophilus, and with morphological diagnostic characters. The following taxonomic changes are made based on the recovered relationships. Premnophilus is resurrected as a valid genus and Premnobiini is considered a sub-tribe of Ipini.
INTRODUCTION
Premnobiini Browne (1962) consists of Premnobius Eichhoff (1879) and its 26 species that are endemic to sub-Saharan Africa; two of which are considered adventive to the Neotropics (Wood, 1982; Wood and Bright, 1992; Bright and Skidmore, 1997) . Premnobius species are xylomycetophagus and are incestuous inbreeders, similar to Xyleborini (LeConte, 1876; Browne, 1961) . This similarity in biology and gross morphology sparked debate on its taxonomic placement. Eichhoff (1878) originally suggested its affinity to Xyleborus Eichhoff (1864) , however, subsequent researchers suggested alternative relationships with genera in the Corthylini, Dryocoeotini, and Xyloterini (Hagedorn, 1910; Hopkins, 1915) . Schedl (1957) returned Premnobius to the Xyleborini and synonymized the genus with Xyleborus. Based on detailed examination of morphology and biology, Browne (1961) removed Premnobius from Xyleborus and described an additional closely related genus, Premnophilus Browne (1962) . However, the tribal placement of Premnobius and Premnophilus remained uncertain despite the fact that Browne (1961) presented definitive morphological and behavioral evidence that these genera were unrelated to the Xyleborini. He suggested a new tribe, Premnobiini, for the genera and hypothesized its relationship between Ipini and Xyloterini. However, he postulated that these genera were Ipini, which converged to a xylomycetophagus habit (Browne, 1962) . Premnophilus was soon synonymized with Premnobius because the morphological variation of its antennal club was considered within the range of variation observed for Xyleborus species (Schedl, 1964; Wood and Bright, 1992) . Premnobiini was later formally established (Nobuchi, 1969) , however, Wood (1982) did not recognize Premnobiini and placed Premnobius in Xyleborini stating that it represented the most primitive genus of the tribe. Phylogenetic studies including Premnobius cavipennis (Eichhoff, 1878) and various amount of molecular and morphological data demonstrated monophyly of Premnobius with Ipini genera (Normark et al., 1999; Farrell et al., 2001) . Although no nomenclatural changes were made in these studies, subsequent researchers (Beaver, 2005; Bright and Torres, 2006; Alonso-Zarazaga and Lyal, 2009 ) recognized Premnobiini based on data from previous studies (Browne, 1961 (Browne, , 1962 Nobuchi, 1969; Normark et al., 1999) . The most comprehensive phylogenetic analysis of scolytines placed Premnobius (two species) sister to Acanthotomicus and monophyletic with ten other Ipini species thus rendering Ipini paraphyletic (Jordal et al., 2011; Jordal and Cognato, 2012) . The Premnobiini + Ipini clade was sister to the Xyleborini + Dryocoetini clade which both had 100% posterior probabilities and demonstrated, once again, the distant relation between Premnobiini and Xyleborini (Jordal and Cognato, 2012) .
The previous phylogenetic studies did not address taxonomic or nomenclatural issues suggested by the resulting phylogenies (Normark et al., 1999; Farrell et al., 2001; Jordal et al., 2011; Jordal and Cognato, 2012) . This study provides a more detailed phylogenetic analysis designed to address the tribal and generic status of Premnobiini and Premnophilus, respectively. Phylogenies reconstructed with molecular data for 79 species representing Dryocoetini (2 spp.), Premnobiini (15 spp.), Ipini (59 spp. including all genera), and Xyleborini (3 spp.) support the monophyly of Premnophilus and the inclusion of Premnobiini within Ipini. Taxonomic and nomenclatural changes concerning the Premnobiini are made based on these results.
MATERIALS AND METHODS

TAXA AND DNA SEQUENCING
DNA data for mtDNA cytochrome oxidase I (COI), mtDNA ribosomal 16S, nuclear ribosomal 28S (D2 and D3 regions), and nuclear protein coding gene CAD were generated for 22 species of Premnobiini and Acanthotomicus. The inclusion of existing data (Cognato and Sun, 2007; Jordal and Cognato, 2012) and the generation of CAD data created a data set of 79 species, which represented all Ipini genera and outgroup Dryocoetini 
OUTGROUPS
Dryocoetes autographus
Cnestus bimaculatus
Cnebim N/A N/A N/A GU808579 GU808619
Xyleborus affinis
N/A= not available do to PCR or sequencing issues.
and Xyleborini species ( Table 1) . Beetle specimens were collected over 20 years from various countries by AIC and his collaborators ( Table 1) . DNA was extracted from frozen and pinned specimens following the Qiagen (Hilden, Germany) tissue extraction protocol using Qiagen blood and tissue kits. Tissue was digested from the head and pronotum. These parts were recovered at the end of the extraction procedure. The head and pronotum and the remaining body were pinned and vouchered at the A.J. Cook Arthropod Research Collection, Michigan State University. Using the purified DNA, partial gene regions of COI, 16S, 28S, CAD were amplified using the primers and protocol listed in 
DNA SEQUENCE ALIGNMENT AND PHYLOGENETIC ANALYSES
Protein coding genes were aligned without the aid of software computation given that insertion/deletions and introns were not observed. Ribosomal DNA sequences varied in their length. These sequences were manually aligned based on previous published alignments (Cognato and Vogler, 2001; Jordal et al., 2008) and using the alignment software, MUSCLE, with default parameters (Edgar, 2004) . These data sets were treated separately in subsequent phylogenetic analyses. Parsimony and maximum likelihood optimality criteria were used to reconstruct phylogenies. Parsimony analyses using PAUP * 4.0 b10 PPC (Swofford, 2002) consisted a heuristic search with 500 stepwise random addition replicates keeping only 500 suboptimal trees per replicate and the default settings with the manually and MUSCLE aligned data sets. These analyses were repeated while treating gap positions as 5th characters states. Bootstrap values were calculated with 500 pseudoreplicates for the four data treatments. Partition Bremer support was calculated with TreeRot v.2 (Sorenson, 1999) . For the manually and MUSCLE aligned data sets, maximum likelihoods were estimated via Bayesian analysis using Mr. Bayes 3.2.2 (Ronquist et al., 2012) . These analyses consisted of two simultaneous runs of four Metropolis-Coupled Markov chain Monte Carlo searches (one cold, three heated). Each search comprised 10 million generations which was sampled every 100th iteration. The data were partitioned by codon positions and ribosomal genes and each partition was allowed to independently evolve under a general time reversible (GTR + I + ) model. All parameters reached stability within 10 million generations and the split distribution between runs did not vary much (mean standard deviation between runs = 0.002). Bayesian posterior probabilities of clades were calculated by a majority-rule consensus of those trees after the burn-in (for both runs 75000 trees).
RESULTS AND DISCUSSION
PHYLOGENETIC ANALYSES
The combination of analyses and alignments resulted in tree topologies that differed by various sub-clades but were generally similar (e.g., Figures 1-3) . For example, Ipini including Premnobiini was monophyletic and the clade consisting of Ips, Orthotomicus, Pityogenes, and Pityokteines was found in the majority of analyses (Table 3) . Treating gapped positions as 5th character states in the parsimony analyses resulted in trees with many non-monophyletic genera. The monophyly of these genera is not suspect given the many morphological diagnostic and synapomorphic characters recognized for each genus (e.g., Hopping, 1963; Wood, 1986; Cognato, 2000) . Given the lack of taxonomic congruence, the analyses that treated gapped positions as 5th character states were not given further consideration.
The alignments affected the distribution of branch support among the data partitions. For the manual alignment 16S exhibited two-three times more support than the other data sets ( Table 4) . Data interaction changed for the MUSCLE alignment. CAD and 28S exhibited two-six times more support than COI and 16S and support from 16S decreased by a third ( Table 5) . Also the MUSCLE alignment supported three times more clades as compared to the manual alignment (Tables 4 and 5). Changes in support given different alignments have been observed in other studies (e.g., Cognato and Vogler, 2001; Damgaard et al., 2004 ). An increase in support values was interpreted as increased concordance of data interaction (Cognato and Vogler, 2001 ). Thus, the parsimony and Bayesian phylogenies (Figures 2, 3) based on the MUSCLE aligned data with gap positions scored as missing were considered as better hypotheses as compared to the trees found with the manually aligned data.
Both analyses mostly recovered consistent results with all genera (except Acanthotomicus) and Premnobiina as monophyletic. However, the relationships of these genera differed between the analyses. Acanthotomicus, in part, or Pseudips was sister to the other Ipini genera, however, there was no to little support for this position of the latter genus (Figure 1) . The position of Pseudips imbedded within Acathotomicus agreed with previous phylogenies that demonstrated that Pseudips was not monophyletic with Ips (Cognato, 2000) or other Holarctic Ipini genera (Jordal and Cognato, 2012) . This result also supported the validity of Pseudips as distinct from Orthotomicus (Wood, 2007; Alonso-Zarazaga and Lyal, 2009; Knížek, 2011) .
Acanthotomicus was polyphyletic (Figures 1-3 ) and confirmed similar results of a study which included fewer Acanthotomicus specimens (Jordal and Cognato, 2012) . Clades did not associate with geographic region because several clades comprised a mixture of species from Asia, Africa and/or South America (Figures 1-3) . This was not expected because the pantropical distribution of the genus predicts that genetic isolation would Premnobiina + Acanthotomicus, i n p a r t 5 9 6 8 6 1 9 3 1 0 0 9 6
Numbers, bootstrap or posterior probabilities; NM, not monophyletic in the strict consensus of mpts.
associate with geographic distance (Avise, 2000) . Although there is a gestalt to their appearance which suggests monophyly of the genus, groups of species differ in details of antennal and elytral morphology. For example, a pattern of morphological concordance was present, for a clade including A. spinosus, A. sp. 1/Sarawak, and A. sp. 3/ Thailand (Figure 3 ) which have long spines on their elytral declivity. Additional patterns may emerge with the inclusion of the ∼90% remaining Acanthotomicus species in future phylogenetic analyses which will provide better hypotheses of interspecific and intergeneric relationships of Acanthotomicus. However, it appears unlikely that a monophyletic Acanthotomicus will be resolved, given the high support for these phylogenies (Figure 3 ) and others (Jordal and Cognato, 2012) thus a thorough revision of the genus will be necessary. The remaining Holarctic genera, Ips, Orthotomicus, Pityogenes, and Pityokteines, were monophyletic, except for one Orthotomicus species included in Pityokteines, but the relationships among the genera varied and were not well-supported (Table 3, Figures 1, 2) . Details of the species relationships for each genus will be the subject of future studies. However, two conspicuous results will be discussed. First, O. longicollis (Gyllenhal, 1827) was monophyletic with Pityokteines (Figures 1-3) as previously observed within a 28S based phylogeny (Jordal et al., 2008) . This species has an obliquely truncated antennal club with inconspicuous sutures similar to the antennal club of Pityokteines. The generic placement of O. longicollis in Pityokteines appears appropriate but additional nucleotide data is needed to confirm this relationship. Second, Pityokteines lasiocarpi (Swaine, 1916) , which was once considered a monotypic genus, Orthotomides Wood (1951) , was sister to the Pityokteines species including O. longicollis (Figures 1-3) . Although the structure of the antennae of P. lasisocarpi is not typical of Pityokteines, there is currently little reason for the resurrection of Orthotomides.
The clade including Premnobius and Premnophilus was wellsupported ( Table 3, Figures 1-3) . This clade was sister to either of two African Acanthotomicus species and well-imbedded amongst other Ipini genera. Given this phylogenetic position, the tribal status of this clade is unjustified; see below. Premnophilus was reciprocally monophyletic with Premnobius and included P. quadrispinosus (Schedl, 1938) and three unidentified species (likely undescribed). Given a well-supported clade and morphological diagnostic characters, Premnophilus is recognized as distinct from Premnobius; see below. Premnobius was also wellsupported (Figures 1-3 ) and include species that were characterized by a carinate lateral eytral margin. These species resembled P. cavipennis and differed by minor morphological differences of the elytral declivity (clade 9, Figure 2) . One species rendered P. cavipennis paraphyletic, which suggests the need of a revision. Terminal branch lengths of unidentified species were similar in length to terminal branch lengths of known species (e.g., P. sp. 3/Ghana and P. ambitiosus) (Figure 3) . If branch lengths along with minor morphological differences are taken as a proxy for species delimitation, then a greater Premnobius species diversity awaits discovery.
TAXONOMY
Premnophilus Browne, genus bona (Figures 4, 5)
Premnophilus (Browne, 1962) : 79. Type species: Xyleborus joveri (Schedl, 1951) = Premnobius quadrispinosus (Schedl, 1938) ; original designation. 
Diagnosis
Browne (1962) thoroughly described and illustrated the genus. To emphasize, Premnophilus differs from Premnobius by the obliquely truncated antennal club without obvious sutures. The anterior edge of the first corneous segment is sinuous. In Premnobius the antennal club is flat with two procurved sutures and the anterior edge of the first corneous segment is procurved. Also, the lateral edge of the eytral declivity for Premnophilus is rounded as compared to the acute lateral edge of the eytral declivity for Premnobius.
Included species
I have observed specimens of the listed species. Two or three likely undescribed species (e.g., P. sp. 5/Ghana, P. sp. 6/Guyana, Figure 1 ) also belong to Premnophilus. A revision of this genus will occur in a subsequent publication (Cognato, in prep.) . Complete references are given in Wood and Bright (1992) .
Premnophilus quadrispinosus (Schedl), new combination
Premnobius quadrispinosus Schedl, 1938: 461 . Xyleborus joveri Schedl, 1951: 41-42 .
Premnophilus perspinidens (Schedl), new combination
Xyleborus perspinidens Schedl, 1957: 107. www.frontiersin.org November 2013 | Volume 1 | Article 1 | 9 
Premnobiina, status novo
Included genera. Premnobius Eichhoff, 1879. Premnophilus Browne, 1962 . As indicated in the results, Premnobius and Premnophilus are monophyletic and sister to Acanthotomicus, in part (Figures 1-3) . Consideration of these genera as a tribe renders Ipini paraphyletic. To remedy this issue, Premnobiini is recognized as a sub-tribe of Ipini. Alternatively, clades of Acanthotomicus and Pseudips could be recognized as tribes to preserve the monophyly of Ipini and the tribal status of Premnobiini. However, this action is not advisable because of the limited sample of Acanthotomicus species included in these analyses.
